CFU per 100 ml. Residents who live near the Ganges suffer from a high incidence of waterborne diseases, including cholera and dysentery (11) . Risk factors for disease include poor sanitation and regular use of the river for personal hygiene, laundry, and utensil washing.
While conducting our health survey in 2004, river samples were collected from five sites (Fig. 1 ). BOD and FCC were measured by the SGRL by following standard procedures (1) . Samples were also processed as follows. Water samples were filtered under vacuum through a Whatman no. 1 prefilter layered on top of a 0.45-m-pore-size membrane filter, both of 47 mm in diameter (Whatman Corp., Florham Park, NJ). Samples were also filtered through 25-mm-diameter (0.2-m-pore-size) polycarbonate membranes (Millipore, Billerica, MA). Membranes were sealed in plastic bags, packaged, and shipped to the microbiology lab at Montana State University (MSU). Import permits were obtained from the Centers for Disease Control and Prevention, Atlanta, GA.
Screening for O157:H7. Despite a high incidence of waterborne disease among Varanasi residents living near the Ganges, it is unlikely that specific diagnoses of STEC morbidity and mortality would be reported, particularly in poorer neighborhoods. The high incidence of dysentery provided a rationale for testing river water for the presence of O157:H7. In the MSU lab, the 25-mm polycarbonate membranes were stained with fluorescein-labeled, goat anti-E. coli O157:H7 antibody (Kirkegaard & Perry, Gaithersburg, MD) (17) and mounted on slides. Stained cells were counted using a Zeiss Axioskop epifluorescence microscope. Samples from all five sampling locations were positive for anti-O157:H7 antibodyreactive bacteria (Table 1 ). An estimate of over 10 3 cells (presumed to be O157:H7) per ml of river water at each site suggested the presence of the bacteria in high numbers throughout the Ganges in Varanasi. We noted that this estimate of the O157:H7 cell number from direct cell counts was in excess of the corresponding FCC. Bacteria immobilized on the polycarbonate filters in the Varanasi lab were likely to be a collection of both culturable and nonculturable cells. It was also possible that the antibody-reactive cells included bacteria of other species sharing O157:H7 epitopes that might crossreact with the antibody. Accordingly, we resuscitated cells for further characterization to confirm the presence of E. coli O157:H7 in the Ganges.
Recovery and testing of culturable bacteria. Each 47-mm membrane was cut into eight pieces. Enrichment for pathogenic E. coli followed methods described in the FDA Bacteriological Analytical Manual Online (9) . Membrane pieces were vortexed in brain heart infusion (Difco, Detroit, MI) to release bacteria into the medium for incubation to resuscitate cells. Selective growth for coliform cells included incubation using double-strength tryptone phosphate broth and growth on MacConkey agar (Difco).
After growth on MacConkey agar, subcultures from 150 colonies presumed to be coliform bacteria were transferred to nutrient agar plates and incubated overnight. Colonies containing only gram-negative rods were screened by growth on CHROMagar O157 chromogenic medium (CHROMagar, Paris, France). This medium has been found to be highly sensitive for identifying strains of E. coli O157 and to a lesser degree E. coli O111 (2). Based on color, colonies presumed to be O157 were transferred from CHROMagar O157 to fresh nutrient agar plates, incubated, and analyzed using both API 20E (bioMerieux, Hazelwood, MO) and BBL crystal enteric/ nonfermenter (Becton Dickinson, Sparks, MD) identification kits. Bacteria from these isolates were also immobilized on polycarbonate filters and tested with anti-O157:H7 fluorescein-labeled antibody.
Testing with the biochemical identification kits indicated that these isolates were E. coli. Antibody screening indicated DNA was prepared from O157:H7 isolates by use of a FastDNA SPIN kit for soil (Qbiogene, Solon, OH) and tested for the presence of Shiga toxin (stx 1 and stx 2 ) and eae gene sequences by use of PCR protocols (4, 24) . A TaKaRa LA Taq polymerase kit (TaKaRa Bio, Otsu, Japan) was used. PCR product sizes were analyzed using agarose gel electrophoresis and ethidium bromide staining. Three isolates tested positive for stx 1 , stx 2 , and eae sequences ( Table 2 ). While screening for virulence genes is not a definitive test of pathogenicity, the combined presence of stx 2 and eae in STEC has been identified as a risk factor for HUS (7) . Two of our E. coli O157:H7 isolates were from the Nagwa Nala confluence with the Ganges, the southernmost site routinely monitored by the SGRL. Given that one isolate lacked the stx and eae genes, these two Nagwa Nala isolates are unlikely to be clonally related. A third isolate was from Tulsi Ghat, only a few hundred meters upstream of a pump station that collects river water for the city's main water treatment plant. The fourth isolate was from the Varuna River's confluence with the Ganges, about 7 km north of Nagwa Nala.
Sorbitol phenotype. In the 1980s, O157:H7 isolates were originally described as being sorbitol negative. This led to use of selective media, such as sorbitol MacConkey agar (SMAC), to identify sorbitol-negative strains. Since then, sorbitol-positive strains of O157:H7 have been isolated frequently (3). Sorbitol utilization is unrelated to pathogenicity of O157:H7 (10) .
In contrast to the sorbitol-negative O157:H7 control, the four Ganges isolates were all sorbitol positive (Table 2 ). This finding supports the need to consider selection methods for O157:H7 that are independent of the sorbitol phenotype. In conducting an Internet literature search, we uncovered only one report of an attempt to identify O157:H7 in water sources in India. Sharma et al. (20) tested wastewater as well as surface water, groundwater, and drinking water samples in Delhi and reported no detection of O157:H7. Their methods relied on screening for sorbitol-negative bacteria using SMAC. A Government of India website accessed in January 2007 (14) recommends that laboratories test for O157:H7 by using SMAC. Based on our O157:H7 isolates being sorbitol positive, attempts to detect O157:H7 using SMAC may underestimate the prevalence of these bacteria in India.
Public health significance. The government of Uttar Pradesh, India, estimates that 309 million liters of sewage is generated daily in Varanasi (21) . Due to frequent power outages and shortcomings of sewage collection and treatment, most of the city's sewage is released untreated into the Ganges River. Detection of potentially pathogenic O157:H7 bacteria in the river is alarming. Visiting pilgrims routinely use the river for religious bathing. Many poorer residents of Varanasi use the river daily for bathing and washing laundry and as a source of water for cooking. These people may be at great risk for contracting O157:H7 infections.
Outbreaks of O157:H7 infection involving recreational water use have been documented in the United States (18) . An infectious dose of O157:H7 bacteria is estimated to be quite low, in the range of 10 to 100 cells (9, 16) . Given the presence of O157:H7 bacteria in the Ganges River, screening of patients presenting with bloody diarrhea at hospitals and clinics would be warranted to determine whether O157:H7 is associated with disease in Varanasi. Clinical screening for O157:H7 may not be considered feasible in a resource-limited, developing country such as India. However, if O157:H7 is a significant cause of disease in India, this has important implications for case management of severe diarrheal disease, given the controversial nature of treating O157:H7 infections and the risk of adverse sequelae (23). 4 Varuna River ϩ ϩ ϩ ϩ a Profiles for O157:H7 strains were determined using PCR analysis with an array of virulence gene primers. ϩ, positive; Ϫ, negative; stx 1 , Shiga toxin 1 gene; stx 2 , Shiga toxin 2 gene; eae, enterocyte attachment and effacement (intimin) gene. The ability to ferment sorbitol was tested using API 20E and BBL crystal enteric/nonfermenter identification kits.
b The O157:H7 reference strain is from the E. coli Reference Center, Penn State University (identification no. 3A-3299-85).
c NA, not applicable.
